Abstract
INTRODUCTION
Overreaching is a permanent risk for athletes who train and compete. The negative impacts of the overreaching lie both in performance decline or stagnation and in health problems connected with more frequent injuries and overtraining syndrome. Meta-analytic study by Meeusen et al. (2013) collected important data on overtraining prevalence at 7-37% of athletes, mostly at endurance sports and disciplines.
Athletes and trainers should know and use instruments for overreaching detection in order to individually optimise the training process. The problem lies in the difficulty of establishing the current extent of the athlete training load which should not be exceeded.
DEFINITION OF THE OVERREACHING AND OVERTRAINING
The definitions of these conditions are not unified. According to the experts (Meeusen et al., 2013; Myrick, 2015; Soligard et al., 2016; Gazzano & Gabbett, 2017 ) the relevant conditions are defined as follows:
Load is a combination of both sport and out of sport stimuli. External load is an objectively measurable load (performance, work, distance, time) which is performed by the athlete in and outside the sport; it is and indicator of the working capacity of the athlete.
Internal load is an individual reaction of an athlete to the external load and other biological factors. It can be measured and expressed (e.g. with a heart rate, lactate concentration, subjective perception of the load); it stimulates training adaptation.
Overloading (OL) means a higher load, of a higher intensity, necessary for a sufficient physiological stimulation leading to a positive adaptation to the load Acute fatigue is an imminent form of fatigue which develops already during the load and with enough rest lasts up to a few days.
Overreaching (OR) -temporary (e.g. 2 weeks) signs of a complex fatigue from overreaching at a certain stage of the training (e.g. fatigue, decreased performance, bad mood). It is the initial stage of overtraining; the accumulation of this temporary fatigue leads to overtraining.
Functional overreaching, short-term (OR, FOR) is an accumulated training and out of training load leading to a short-term decline of the working capacity without any signs of physical or mental disorders. It requires a recovery lasting a few days or weeks.
Non-functional overreaching, extreme (OR, NFOR) is an accumulated training and out of training load with an accentuated decline in working capacity and with signs of physical (hormonal) and mental (feeling tired) disorders. It requires a recovery lasting a few days or weeks. The NFOR seems to create the border between the optimal load and negative overtraining.
Overtraining (OT) -a long term process with repeated overreaching of the athlete, leading to the overtraining syndrome.
Overtraining syndrome (OTS) is a collection of pathophysiological and clinical problems which occur because of a lack of rest after extreme overreaching. These problems persist for several months. Burnout and staleness are used as synonyms.
The literature also uses the term Unexplained underperformance syndrome (UPS), which was introduced by British scientists dealing with fatigue diagnostics at the end of the last century. (Budgett, Newsholme & Lehmann, 2000) . Even though this term encompasses a wider definition and seems to be more suitable for the sport environment, it has not become widespread worldwide.
We tend to use the differentiation between and terminology for the individual stages of training loads and the development of overtraining as listed in Table 1 . There are no clear boundaries between the stages. Tab. 1: An overview of the extent of load and fatigue types (amended and completed according to (Meeusen et al., 2012; Myrick, 2015; Soligard et al., 2016; Gazzano & Gabbett 2017) 
CAUSES, PREVENTION AND DEVELOPMENT OF OVERTRAINING
The cause of overtraining is repeated non-functional overreaching without a sufficient recovery. It is a state of a long-term inadequate internal load of the athlete and his or her insufficient adaptation to the load. This situation leads to the decline in performance (2-3 months) without an apparent reason which might explain it. The inadequate performance is accompanied by several symptoms. These symptoms are diverse and highly individual which means that different athletes may show different symptoms.
Both the inadequate training and other stressful factors such as work / school, home environment, family, team mates, pressure of competition, new sponsors, etc. are the causes of overtraining. It is thus the sum of all the stresses (including training) that an athlete must cope with (Halson &Jeukendrup, 2004) .
Causes and prevention of overtraining are illustrated in Fig. 1 
Fig. 1:
Causes and prevention of overtraining (amended according to Jeukendrup, 2015) .
The prevention of overtraining lies in the elimination of the causes, i.e. reducing the occurrence of non-functional overtraining. The training process needs to have an adequate loading and a sufficient recovery of the athlete, taking into consideration his or her current fatigue and load resistivity.
The prevention of overtraining requires the knowledge and ability to correctly use the tools for monitoring the current state of athletes (fatigue and load resistivity) -more information to follow. The basic tools for athletes and their trainers are training plans, training diaries and regular testing of athletes.
Development of overtraining is simplified in the following diagram ( The most common symptoms of overtraining syndrome you can see in Tab 2. Parasympathetic Alternations is more common in aerobic sports and Sympathetic Alternations is more common in anaerobic sports. (Kreher & Schwartz, 2012) .
Tab. 2:
Symptoms of overtraining syndrome (Kreher & Schwartz, 2012) . 
Parasympathetic Alterations Sympathetic Alternations Other

Dynamometry and ergometry
These methods provide information about the current working capacity of an athlete. A significant decrease in the capacity is a symptom of fatigue. The methods can be simple and affordable, e.g. manual dynamometry, jump and bicycle ergometry. Strength, performance, work, height of jump, etc. are among measured and evaluated indicators. These tests are not able to distinguish between acute and chronic fatigue. Chronic fatigue might be considered at decreased working capacity even after a long-term recovery. Then there might a problem of distinguishing it from the symptoms of detraining, though. Therefore, it is essential to employ psychological and physiological indicators of chronic fatigue.
Psychological methods
The simplest and fastest is a dialogue with the closest family members and the trainer. There is a risk, though, that an unprofessional approach might cause a lot of harm, e.g. huge stress and frustration due to too ambitious parents. That is the reason why standardised methods, mostly questionnaires, developed by experts -psychologists should be used.
Psychological questionnaires for detection of subjective experience and feelings of athletes -cramps, pain, activity, fatigue, stress, discomfort, moods, anxiety, fear, confusion, sleep quality, concentration, nervousness, social conflicts, etc. Questionnaires detecting the psychological state of athletes are not always able to satisfactorily distinguish whether the causes lie in sport or outside it (Meussen et al., 2013) . When formulating questions, it is essential to use clear and easy to understand terms. To express the extent of the perception five-or six-degree scales are used.  Rating of perceived exertion -(RPE) has been used as an indicator of internal load for a long time. A ten-degree scale is used for athletes (Foster, 1998) . According to Gazzano and Gabbett (2017) the total amount of internal load is expressed as a product of RPE and time. Then a daily or weekly amount of this load, index of short-term load (amount of load in a week) and chronic load (a four-week average) and an index of the load monotonicity (the standard error of measurement of weekly load) can be calculated.  Training Distress Scale (TDS; Grove et al., 2014 (Gustafsson, Sagar, Stenlink, 2017) .  Daily Analyses of Life-Demands (DALDA; Rushall, 1990) assesses the response of an athlete to training. The questionnaire consists of two parts and contains 34 items and athletes choose from three degrees for each item. The questionnaire should be completed daily and is thus not very practical.  Pitsburg sleeping quality index (PSQI; Buysse, Reynolds, Monhk, Berman & Kupfer, 1989 ) -this questionnaire evaluates the sleep quality, it is a simple screening method consisting of 9 self assessment items.  Athlete Sleeping Screening Questionnaire (ASSQ; Samuels, James, Lawson & Meeuwisse, 2016) is a newer tool for sleep quality evaluation for athletes. Good applicability of TDS and POMS questionnaires in our conditions has been, for instance, evaluated by Burešová, Demlová & Bartošová, (2016) .
Physiological methods
Neuro-circulatory methods lie in the evaluation of neural autonomic system (ANS) by heart rate measuring and analysis at rest and during a stress test. Neural autonomic system regulation disorder appears during sub-chronic and chronic pathological fatigue. During initial phases of a long-term fatigue from overreaching it is first the sympathetic and then the parasympathetic system having the biggest influence.  Heart rate evaluation (amended according to Máček et al, 2011) . Right before, during and after a physical exercise the activity of the sympathetic neural system increases, together with HR. After the exercise HR decreases. The steepness of the HR decline depends on the intensity and amount of the preceding exercise. With greater fatigue and after substantial physical exercise HR decreases at a slower rate. If the fatigue persists until the following morning, the morning resting HR may be slightly higher. With persisting fatigue, a decline in the physical fitness indexes can be observed at step tests. Unusually higher HR at a certain load might also signal presence of an infectious or another inflammatory disease. On the contrary, unusually lower HR at rest or at a load may by a case of an ANS disorder with a prevalence of parasympathicotonia or a heart disease. Gradually (over a few months) developing bradycardia should be a consequence of an expected adaptation to the endurance load. Some studies dispute the HR rest monitoring as a suitable marker for overreaching diagnostics (Bosquet, Merari, Arvisais & Aubert, 2008) , but despite this there are still reports on morning rest heart rate (HR rest ) being a usable indicator of a current state of ANS with athletes (de Araújo et al., 2017) . It seems HR rest should not be condemned, even though it is mostly the HRV analysis being often used for these purposes (Bisschoff, Coetzee & Esco, 2016) .  Heart rate variability analysis (HRV): Already introduced "classical" indicators of HRV, such as spectral performance and its density in the established frequency ranges, are a part of athlete monitoring in the scope of overreaching prevention (Makivić, Djordjević, Wilis, 2013; Novotný, 2013; Botek, Krejčí & McKune, 2018) . Athletes who are well-rested and well-adapted to the physical load, such as marathon runners, reach a high spectral performance in the HF range, which is an indicator of a higher parasympathetic activity at rest and after a load. Stejskal et al. (2002) has created a new method of evaluating HRV with associated indicators of spectral analysis from three 5-minute intervals at ortho-clinostatic test (lying -standinglying) -Overall Score (OS), Vagus Activity Index (VA), Sympathicus -Vagus Balance Index (SVB), Functional Age (FA). Botek et al. (2018) has added that based on his studies the first interval of lying could be shortened to 1 minute as it does not negatively influence the quality of results. Same author (Botek et al., 2018) 
Biochemical, immunological and haematological methods
In blood samples which are analysed, it is possible to detect substances which are markers of pathophysiological changes due to the load to athletes' bodies. (Halson, Lancaster & Jeukendrup, 2003; Wyatt, Donaldson & Brown, 2013; Lee et al., 2017) Non-invasive biochemical methods: Methods which do not require unpleasant punctum to the athlete's body in order to get a blood sample are gradually developing (Lindsay & Costello, 2017) . These are analyses of other body fluids -saliva, urine, expiratory condensate or sweat. Correlations between plasma and saliva concentrations of Testosterone and Cortisol (Tanner, Nielsen, Allgrove, 2014) and between concentrations of lactate in blood and in expiratory condensate (Marek, Volke, Hawener, Mückenhoff & Marek, 2010) have been discovered. The dynamics of the lactate concentrations in saliva probably corresponds the changes of the lactate in blood. It is possible to establish the lactate threshold by saliva analysis (Bocanegra, Diaz, Teixeira, Soares & Espindola, 2012) .
Complex approach to overtraining diagnostics
The attributes of a complex approach are as follows:  A rational selection and combination of diagnostic methods (tab. 3) for evaluation of external and internal load of an athlete.  When evaluating the external load all stress factors should possibly be detected -from the domain of sports (realised training, competition performance, trainer's activity) and from the out-of-sport domain (school or work load, parents, other social challenges) .  When evaluating the internal load, sufficiently sensitive and if possible non-invasive psychological and physiological methods for monitoring should be used.  Periodicity of monitoring.
Three-degree monitoring and overtraining diagnostics concept Diagnostic methods can be categorised into three degrees according to their demands on athletes, demands on results processing and the speed of their applicability and according to instrument and financial resources availability:  Degree I -simple unexacting methods which do not inconvenience athletes and provide applicable results for training regulation instantly: RPE (after training), morning rest HR. Periodicity: once a day.  Degree II -more complex methods which inconvenience athletes only to a small extent and provide results quickly: short psychological questionnaires (e.g. POMS, TDS), HRV analysis during a tilt test. Periodicity: once to three times a week according to the method and demand.  Degree III -more exacting methods which put an adequate strain on athletes and provide results usually within three days: Longer psychological questionnaires (TESTQ-Sport, biochemical and immunological methods of saliva analysis). Periodicity: one a month or according to the demand. If the degree I result provides a suspicion that there might be overreaching or overloading, a degree II test should be conducted. If positive results are obtained, a degree III method should be used and demanding training should be avoided. When the suspicion is confirmed, the athlete should be referred to a sport medicine physician and all training should be suspended until then.
We will verify the validity and reliability of the proposed diagnostic model in upcoming projects.
CONCLUSION
A satisfactory performance of an athlete is a result of an optimal training with regulated load without a counterproductive impact of non-functional overreaching and overtraining. The internal load of an athlete depends on the external load and other stress factors. Its rate should be adequate to the degree of the athlete adaptation to the load.
This requires a systematic monitoring of fatigue indicators, or physiological disorders in the body of athletes respectively.
For this purpose, we recommend a complex monitoring with a combination of psychological and physiological methods, which are, for practical reasons, categorised into three degrees, according to their demandingness and periodicity. The development of this concept at the Faculty of Sports Studies of the Masaryk University is a part of the project MUNI/51/05/2018.
